World records have risen and fallen throughout the history of Track and Field, and the past 2 years have certainly been no exception. In fact, a significant portion of the men's Track marks have been re-written since 1993. Of current interest are the progressions of the middle distance kings, Hicham El Guerrouj in the 1500m and mile, the ongoing battle for supremacy between Daniel Komen and Haile Gebrselassie, and the unforgettable, unquestionable dominance of Wilson Kipketer in the 800m. At the time of this writing, Maria Mutola has set a new indoor 800m WR, while Komen and Geb are still waging their war of attrition under the roof. The sprint records are yet again on the verge of being knocked down a few notches. Marion Jones has her sights set on Irina Privalova's 60m mark, and is mumbling about 10.5s clockings this summer. Similarly, Maurice Greene's ground-breaking in the indoor sprints, as well as his February 28th 9.99s dash Down Under (the first ever sub-10s clocking on Aussie soil, with a -0.6 m/s wind, no less!), seem to be indicative of the shape of things to come.
On this note, we have to ask ourselves: "What are the shape of things to come?". A record is set, a record falls. Can this process go on indefinitely? It seems obvious to answer 'no' to such a question, but we are then posed with a corollary: exactly how good can we get?
The answer to this question has been the subject of various research works over the decades (see the references), and in the following few paragraphs, I'll sum up the findings of one paper which I have found particularly fascintating. This interesting and insightful work is an article by François Péronnet and Guy Thibault, then of McGill University, researched in 1987 and published in 1989. They posit a mathematical model which reproduces an athlete's power output over a given distance of running, using variables representing various metabolic energy-yielding processes. This is in turn based on a model developed by Arthur Hill way back in the 1920s.
The Aerobic and Anaerobic Physiological Variables
Peronnet and Thibault studied variations in the following quantities in athletic performances since the early part of the century: capacity of anaerobic metabolism (raw strength), maximal aerobic power (peak endurance), and the reduction in peak aerobic power with increasing race duration (roughly overall endurance). They found that while the first two of these increase in an essentially linear fashion over the years for all events, the latter of the three remained effectively constant. That is, while improvements in training techniques have helped to improve anaerobic and aerobic capacity, the rate at which maximal exertion drops has not changed much.
By studying these trends in the energy-yielding processes, Peronnet and Thibault were able to pin down possible future performances for both men and women. In particular, since the reduction in peak aerobic power does not change, by placing reasonable "plateaus" on the first two aerobic and anaerobic variables for human beings, the "ultimate" performances in track could be guestimated.
Comments on altitude/enhanced performances and initial data
The predictions in Tables 3-5 were made based in part on WRs dating before and up to 1987, when the study was performed. Tables 1 and 2 present the marks as of 1987, and provide a comparison with today's equivalents. Earlier models which have attempted to predict future performances incorporated these altitude performances, which served to skew the results, since the "aided" sprint marks from 1975 actually surpassed the 1987 "sealevel" best performances. While I have included altitude performances in the records of Tables 1 and 2 Similarly, the 9.83s 100m WR used in the study (it had not yet been stricken) was in retrospect 10 years ahead of it's time, based on the "natural" progression of the short sprint (albeit, some of today's training aids may be somewhat questionable). In fact, had it not been for Carl Lewis' 9.93s clocking behind Ben's 1987 WC race (and various other stricken Ben marks), Mel Lattany's (USA) 9.96s from Athens, GA, in 1984 should have been the mark used for initial data. This might cause the predicted 100m times to be slightly overestimated.
The Model Predictions: Then and Now
Tables 3 and 4 present the projected WR marks for men and women through the years 2000, 2028, and 2040, as calculated by Peronnet and Thibault. In physics, it's always interesting to see how good (or how bad!) one's model actually is when compared to the real life situation it's trying to emulate. When the original paper was written, the turn of the century was at least a dozen years down the road. In contrast, today we have a much better idea of how the record books may look in 2 years time!
The most obvious discrepancies of their model arise in the sprints, most likely due to inaccuracies in pervious records (hand times, timing accuracy, or... miscellaneous). Both the women's 100m and 200m predictions for 2000 were surpassed a year after they were made by one Florence Griffith-Joyner. Although, the alleged 10.49s WR is subject to much debate (at least by those of us who study wind effects on sprints!). In the event that this mark was wind-aided, the current 100m WR should probably be in the low 10.6s range, but still be awarded to Flo-Jo (10.61s, Indianapolis, 1988).
The men's 400m estimate of 43.44s was also surpassed in 1988 by Butch Reynolds. Despite the 9.83s mark used as initial data for the 100m, the predicted record of 9.74s is surprisingly close to becoming reality (perhaps even as early as this summer?). In fact, this raises an interesting question. If such a clocking were to come about shortly, then based on the previous section's discussion (i.e. 9.83s), is it safe to assume that it is "natural"?... We can't discount the possibility of a 1:39.88 800m sometime soon, either. Rumor has it that the name Kipketer could figure prominently. And, last but certainly not least, in their calculations for the 200m WR, no initial data could have let Peronnet and Thibault predict Michael Johnson! Based on their study, a 19.32s deuce should not have occurred until about the year 2015. The only logical explanation for this, of course, is that Johnson was sent here from the future for some reason we cannot yet understand, but whose purpose will soon be evident....
Performances further down the road are a bit more subjective, and we can't for sure tell whether or not they are vast overestimates, or naive underestimates. An 18. After breaking the 4-minute mile, Roger Bannister ventured to say that a 3:30 clocking could be realizable by the year 1990. As much as El Guerrouj might be interested, it doesn't quite seem possible at this time. Peronnet and Thibault set this mark as attainable just shy of the mid-21st century. Although, the 3:41.96 is slightly more accessible. The 12-minute barrier in the 5000m was cited to not be challenged until the 2030s, but a sub 14-minute 5k for the women might come much sooner. Likewise, a sub-2 hour marathon is predicted by the year 2028, as is the breaking of the 4-minute mile barrier for the women.
Note that the predictions of the women's performances extends only to the year 2033, as opposed to 2040 for the men. This arises due to the less accurate and less numerous data obtained for women's WRs throughout the century. As a result, the authors contend that the predictions for women's records are probably underestimated in certain cases.
To the Limit...
Many suggest that we cannot keep improving indefinitely. Certainly, there are physiological (not to mention physical) limitations on the human body that would prevent this. Based on the evolution of their model, Peronnet and Thibault took a stab at what could be the ultimate performances in athletics. These are presented in Table 5 , and put forth a number of interesting speculations. For the men, there will be no sub-9s 100m; we shall never clock a 1:29 800m; there will always be an insurmountable 3-minute barrier for the mile. The 5000m will go sub-12, but will barely drop another minute, and the marathon record will max out a mere 18 minutes below its current value.
Many of these predictions seem to suggest that athletically, women may not progress beyond the present level of the men. As mentioned earlier, Peronnet and Thibault stress that due to insufficient data relative to the men's marks, the predictions for women's performances may be underestimates, and that their performances may actually approach the limiting values for men. So, contrary to their findings in Table 5 , we may someday be talking about the first sub-10s women's sprint or 1:50:00 marathon.
Thus ends the gaze through the looking glass. Like all mathematical models, the findings of this study should be taken with a grain of salt. They're not meant to accurately represent the way things will be, but rather the way they might be, based on present data. Fundamentally, we should not place limits on ourselves. With them, we can only run faster in our dreams, forever constrained by infinitely high walls. Without them, we can chase our dreams into reality, and the impenetrable barriers are ours to break. 
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